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1. INTRODUCTION

Cross-over and run-off-the-road crashes are a significant concern among traffic
engineers in the United States and around the world. A cross-over crash occurs as a
vehicle crosses over the centerline of a two-way highway resulting in a crash. A run-off-
the-road crash occurs when a vehicle traverses the shoulder of a highway resulting in a
crash. There are multiple potential causes of these types of crashes. The most common
reasons include driver drowsiness, fatigue, and inattention. Consequently, each of these
causes result from impaired visual capabilities of a driver.

Rumble strips are an increasingly common technology used to combat the effects of
drowsiness, fatigue, and inattention. A rumble strip is a series of pavement indentations
or protrusions located at a specific boundary of a road such as a highway shoulder or
another lane of traffic. If a vehicle breaches this boundary, it will drive on to the rumble
strips. As a vehicle drives on top of the rumble strips, the tires rise and fall as the
pavement profile changes. The closely spaced intervals of the rumble strips and the
oscillating motion of the tires create vibrations and sounds that a vehicle’s occupants can
sense. Hence, as the visual acuity of a driver decreases, rumble strips provide an
alternative method informing a driver of his shift in position on a road.

Shoulder rumble strips (see Figure 1) have been installed on numerous highway
shoulders throughout the United States. The purpose of shoulder rumble strips is to
reduce run-off-the-road crashes. Shoulder rumble strips have been successful in
significantly reducing the occurrence of run-off-the-road crashes. The success of shoulder

rumble strips inspired the centerline rumble strip (CLRS) concept.



Figure 1: Shoulder Rumble Strips on Highway US-6
(Photo by Sam Richards 2004)

Centerline rumble strips are a relatively new application. As inferred by the name,
centerline rumble strips are located along the centerline of an undivided, two-way
highway (see Figure 2). The primary purpose of centerline rumble strips is to reduce and
prevent crossover crashes that occur on undivided, two-way highways by providing an
audible, vibratory warning to drivers. Reporting the advantages and disadvantages of
centerline rumble strips and compiling a guidelines draft for the Utah Department of
Transportation are the purpose of this report.



Figure 2: Centerline Rumble Strips on Highway US-6
(Photo by Sam Richards 2004)

1.1. Background

Highway US-6 is notorious for driver related injuries and fatalities. In response to the
number of crossover type crashes occurring on Highway US-6, the Utah Department of
Transportation has installed a total of 30 miles of centerline rumble strips thereon. Three
installations are between Spanish Fork, Utah and Soldier Summit, Utah. There is one
installation immediately east of Wellington, Utah (see Figure 3 and Table 1).
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Figure 3: Approximate Locations of Centerline Rumble Strips on Highway US-6
(Map source: http://www.utah.com/maps/price/index.htm - arrows added)

Table 1: Route Post Boundaries of Centerline Rumble Strips on Highway US-6

Route Post
East West
Location Boundary Boundary Mileage
Between Spanish Fork 178 183 5
and Soldier Summit 189 197 8
200 212 12
East of Wellington 249 255 5

Accompanying these installations, the Utah Department of Transportation requested
an in depth analysis of centerline rumble strips. This report is to present the current
status, advantages and disadvantages of centerline rumble strips and conclude with

various research and usage recommendations.

1.2. Organization of the Report
Three techniques have been used to acquire data for this report. The report is

organized such that the issues of centerline rumble strips are systematically addressed.


http://www.utah.com/price/

When supporting evidence from any of the data applies to a specific issue, that data is
included in that section of the report. Chapter Two discusses the three data acquisition
techniques. Chapter Three discusses the state of the practice of centerline rumble strip
usage, mileage and geometries. After the state of the practice is established, Chapter Four
presents the features and issues of centerline rumble strips. Finally, Chapter Five presents

potential research and usage recommendations based on the issues discussed.






2. DATA COLLECTION AND ANALYSIS METHODS

Three methods for acquiring data were used in this report. The first method was the
literature search. This provided a basis to establish the surveys which followed. Details

about the each of the techniques are found in the following sections.

2.1. Literature Search

This portion of the study was started in May, 2004. The purpose of the literature
search was to discover the benefits and issues that come with centerline rumble strips.
Specific topics of research include safety improvements, cost of installation and
maintenance, methods of research and operational improvements.

The majority of the literature was researched on the Internet. The remaining articles
were hard copies or CD-ROM copies of the published documents.

In conjunction with the state of the practice survey, each of the state departments
were invited to forward any published documents about centerline rumble strips that were

in their possession.

2.2. Public Opinion Survey
The survey was prepared with the intention to discover if drivers of Utah’s undivided

highways were for or against future installations of centerline rumble strips. An
anonymous survey was prepared. It was then cleared by the Institutional Review Board of
Brigham Young University for research purposes. The survey consisted of 23 questions
(see Appendix A). The list below outlines the distribution of question topics included in
the survey:

. Four questions on driver demographics.

e  Three questions on the effectiveness of centerline rumble strip road-signs.

e  Seven questions on the drivers’ behavioral reactions to centerline rumble

strips.

e  Two questions on lane visibility, demarcation or delineation.

e  Three questions on available reaction times of centerline rumble strips.

o Two questions on vehicle control.

o One question on collision reduction.



e One question on future installation of centerline rumble strips.

In early July, 2004, several gas stations located in the cities of Spanish Fork, Price
and Helper, Utah were identified. Management/owners were consulted to seek approval
to conduct the survey on their property and to their customers. The discussion included a
station where we could operate the survey and display a poster. From the station, surveys
could be collected and incentives distributed. It was explained to the owners or managers
that participants in the survey would receive a coupon redeemable in the store. The store
clerks would collect the coupons. At the end of the day, the store would be reimbursed
according the value of the number of coupons collected throughout the day. Most of the
establishments readily accepted our proposal.

There were some concerns raised by management. One of the concerns raised by
management at this time was that customers may become disgruntled with those
conducting the survey. It was agreed that customers would be asked once and only once
to take the survey. If they declined, the survey conductors would respect the customer’s
choice. Another concern was that the survey could be too personal. At that time, we
presented a copy of the survey for them to review. They were contacted at a later date to

see if the subject matter of the survey was acceptable.

2.2.1.  Conducting the Public Opinion Survey
During the latter two weeks of July, appointments were made with these same gas
stations. These appointments were arranged so that management knew when the surveys

would be conducted. The surveys were conducted at five locations (see Table 2).

Table 2: Public Opinion Survey Location Information

Location Address City Owner/ Manager
Market Express 121 North Carbonville Road [Price Paula

Extra Mart 1085 North Chappellor Road |Spanish Fork |Laura

Tucker Turnout RP 203 (approx.) US-6 uDOT

Swift Stop’n’Shop |156 North Main Helper Chriss

Jackrabbit 3601 Powerhouse Road Spanish Fork [Robert/Sheree




Upon arrival, the store managers were shown the coupons that would be distributed
that day. They were instructed that the coupons were good for that day only. The coupons
also required a signature from one of the survey conductors. If the coupon did not meet

the criteria, the coupon was to be rejected (see Figure 4).

For Completing the

For Completing the BYU/UDOT Survey BYU/UDOT Survey

Redeemable only at Jackrabbit Chevron,

3601 Powerhouse Rd., Spanish Fork, Utah Redeemable only at Extra Mart
Expires TODAY: 07/30/04 By: 3:00pm at 1085 N. Chappellor Rd., Spanish Fork, Utah
Authorized: Expires TODAY : 07/27/04 By: 4:00pm
Authorized:

Discount not valid for gas purchase

Figure 4: Public Opinion Survey Coupons

The Tucker Turnout is a rest stop located off the side of Highway US-6 near route
post 203. At this location, monitoring the distribution of coupons was not reasonable.
Therefore, candy bars, cookies and crackers were distributed to survey participants as a

reimbursement for their time.

2.2.2.  Analysis Procedure of the Public Opinion Survey

A total of 533 surveys were collected. Surveys were tallied in a customized Microsoft
Excel file. A Visual Basic user-form was programmed to automatically tabulate the
answers of each survey and record the number of surveys completed. Surveys were also
numbered. This way, accuracy of the spreadsheet could be checked.

After the survey data had been recorded, an appointment was made with Dr. Dennis
Eggett at the Center for Statistical Consultation and Collaboration Research of Brigham
Young University. The Excel spreadsheet file was reconfigured by Dr. Eggett for the
SAS statistical analysis computer program (SAS version 9.1.3 2003) used by the Center

for Statistical Consultation and Collaboration Research. The SAS program performs



statistical operations to a given data set. It was through the use of this program that the
frequency and Chi-square test results of this report were obtained (see Appendix B).
There were two main objectives to the analysis of the survey. The first objective was
to analyze the survey using the entire sample. Analysis of the entire sample was
completed to see if there is a general consensus among drivers concerning centerline
rumble strips. The second objective was based upon the demographic responses of the
survey participants. The reason this type of analysis was performed is to determine if
there is a specific group of people that are directly affected by the use of centerline
rumble strips that might be overshadowed by the results of the entire survey. There may
be certain aspects of centerline rumble strips that have a greater impact on a particular

group than on the sample population.

2.3. State of the Practice Survey
At the time of this report, centerline rumble strips had not been standardized by any
government authority. The state of the practice survey was designed to compile the
various technical elements of centerline rumble strips. The survey was subdivided into
seven categories (see Appendix C).
¢ Information of the responding agency
e Status
e Types and dimensions
e Highway geometry and operations
e Costs
¢ Noise generation and control
e Crash reduction and safety
The information of the responding agency section provided identification of which
states had responded to the survey, the contact information of the engineer responsible for
completing the survey and the date the survey was completed. The remainder of the
survey addressed specifics related to centerline rumble strips. If a state indicated that it is
not using centerline rumble strips, it could stop the survey at that point. States that have

centerline rumble strips completed the remainder of the survey.
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2.3.1.  Conducting the State of the Practice Survey

The survey was prepared in two ways. There was an electronic copy prepared as well
as paper copy. The electronic copy was created in Microsoft Excel. Option buttons and
scroll boxes provided multiple choice type responses to many of the questions. Textboxes
were provided where a short answer type response was required. The paper version was
formatted similarly to the electronic version. Since scroll boxes are not available in the
paper version, lists containing the same answers were included below the question.

In early November 2004, the state of the practice survey was mailed to all 50 state
departments of transportation, as well as the District of Columbia Department of
Transportation and Puerto Rico Department of Transportation. Each survey was
individually addressed to a specific engineer at the state department of transportation. A
cover letter explaining the reason for the survey and a request to participate was included
with the hard copy. The engineers that received the survey were found on an AASHTO
roster at the following website: http://transportationl.org/scote/doc/Roster.pdf.

Approximately one week after the paper copy of the survey was mailed; an electronic
copy of the survey was e-mailed to the same engineers. Therefore, each department of
transportation received two copies of the survey. Both copies of the survey invited the
engineers to forward the survey to other branches of the department to obtain survey data
if necessary.

The departments were encouraged to complete the survey by December 31, 2004.
Completed surveys were returned by e-mail or mail to addresses that were included in the
survey.

By January 1, 2005, only 17 surveys had been completed and returned. The deadline
for the survey was extended to February 1, 2005. During the month of January, states that
had not previously responded to the survey were contacted. Contact efforts were made by
telephone. If a survey was misplaced, another copy of the survey was e-mailed to a given
address.

2.3.2.  Analysis Procedure of the State of the Practice Survey

A total of 41 state of the practice surveys were returned in either electronic and paper
form. Each survey was recorded in a Microsoft Excel spreadsheet. Initially, all the survey
results were recorded onto a single spreadsheet. A second spreadsheet was created where

11
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some adjustments to the information could be made. First, only the information gathered
from the states that use centerline rumble strips was included. Second, units of
measurement were adjusted for consistency. This allowed the totals, averages, maximums
and minimum values for the various elements of the survey to be calculated. In order for
the units to be consistent, some responses had to be recalculated.

The sample size of the survey is not large enough to obtain reliable Chi-square
analysis results. Therefore, unlike the public opinion survey, conclusions based on the

state of the practice survey results are from descriptive statistics only.
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3. CENTERLINE RUMBLE STRIP USAGE AND GEOMETRIES

As previously mentioned, centerline rumble strips are a relatively new approach to
reducing crossover type crashes. This is the primary reason for installing centerline
rumble strips. This section of the report discusses the level of usage, mileage, or
application of centerline rumble strips, the geometric dimensions of the rumble strips,

influencing highway geometry, and operations effecting their installation.

3.1. Usage

Prior to this report, the latest information on the status of centerline rumble strips was
obtainable from a report by the Massachusetts Highway Department. This report
identified twenty states and one Canadian province using centerline rumble strips (Noyce
and Elango 2004). The recently published NCHRP synthesis 339: Centerline Rumble
Strips reported twenty-two states and two Canadian provinces that use centerline rumble
strips (Russell and Rys 2005). These numbers resulted from a 90 percent response rate
survey. There is a slight increase in a two year period between the releasing of these
reports. The Utah Department of Transportation and Brigham Young University
(UDOT/BYU) conducted a state of the practice survey in late 2004 and early 2005. The
survey had a 79 percent response rate. In this survey, 18 states reported the use of
centerline rumble strips at various levels.

The NCHRP study reported 21 states using CLRS; the BYU survey received
responses from 17 states using CLRS. There are four more states that use CLRS but did
not respond to the BYU survey. Hence, the number of states using CLRS did not change
between the two surveys. Also, there is one state that has some small installations of
centerline rumble strips that have been installed at the request of the public. This state
responded as not using centerline rumble strips on the survey.

Centerline rumble strip technology is expanding out of North America. A report
released at The Applications of Advanced Technologies in Transportation Engineering
International Conference stated research on centerline rumble strips in Japan (Hirasawa,
Asano, and Saito 2004).

13



3.2. Centerline Rumble Strip Mileage in the United States

The mileage of centerline rumble strips installed in the United States according to
UDOT/BYU state of the practice survey totaled 2403.7 miles as of February 1, 2005. The
total number of miles on rural, two-way, two-lane, undivided highways is 2194.7 miles.
There are 209 miles of centerline rumble strips on multilane highways. This assumes that
a multilane highway has at least four total lanes. By observation, the main application of
centerline rumble strips is on rural, two-way, two-lane undivided highways.

One state installed centerline rumble strips on double yellow curved sections only.

Many of the states commented that the installations were still experimental.

3.3. Centerline Rumble Strip Type and Geometry
The dimensions of centerline rumble strips have not been standardized. Thus, there is
a variety of dimensions used among the state departments. The dimensions considered in

the state of the practice survey include:

e Shape
e Length
e Width

e Depth

e Spacing

The state of the practice survey compiled data of the measurable dimensions such as
the length, width, and depth of centerline rumble strips vary among departments. Table 3
shows the statistics of the reported dimensions received in the survey. A schematic
diagram of these dimensions is available in Appendix C: Figure 1 (see Appendix D for

complete centerline rumble strip dimension data).

Table 3: UDOT/BYU State of the Practice Survey CLRS Dimensions

Dimension Maximum Minimum Mode  Average
Length (in) 8 5 7 6.900
Width (in) 24 6 16 14.421
Depth (in) 0.6125 0.315 0.5 0.478
Spacing (in) 24 12 12 15.294
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The results of the state of the practice survey show that most centerline rumble strips
are milled installations. A variety of potential milled rumble strip shapes were provided
in the survey. All of the milled rumble strips have a plan view rectangular shape. The
profile shape of the milled rumble strip is concave. Alternatively, a few states use a raised
profile rumble strips. These are circular or rectangular in shape depending on the
manufacturer and have a convex shape against the pavement profile. Currently, the shape
of the rumble strip is determined by the type of installation process.

“There are three different types of rumble strips that have previously been or are
currently being used: milled, rolled, and formed” (Perrilo 1998). However, rolled and
formed rumble strips have no record of use as centerline rumble strips.

In an effort to understand the effects of centerline rumble strips on vehicles and
drivers, departments have conducted field tests that compare various dimensions. There
are multiple dimensional combinations that may be tested that could enhance the

effectiveness of centerline rumble strips.

3.4. Highway Geometry

Rumble strip geometry is affected by the accompanying highway geometry.
Consequently, the pattern chosen by a transportation agency is typically governed by the
existing dimensions of the highway. These dimensions include but are not limited to the
lane width, cross sectional width, and shoulder width. Other considerations are the
presence and location of shoulder rumble strips and available paved median space.

Pennsylvania is an example of how highway dimensions affect the layout of
centerline rumble strips on a highway. The criteria for centerline rumble strip installation
revolves around 11 foot lane widths and three foot shoulders. If the highway geometry is
greater than these values, then Detail #1 pattern is used (see Figure 5). Otherwise, Detail
#2 is used.
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Roadway Description Typical Drawing Detail
* Roadway with 12 feet or Detail #1

greater lane width and

minimum of 3 feet of paved

shoulder

* Roadway with 11 feet lane Detail #1 or Detail #2
width and a minimum of 3

feet of paved shoulder

* Roadway with 11 feet lane Detail #2

width and less than 3 feet of

shoulder or no shoulder

* Roadway with 10 feet lane Detail #2

width with or without

* Roadway with less than 10 Consult Bureau of Highway and
feet lane width Traffic Safety Engineering

NTETETETET
LRI

Detail # 1

3S|SI2 B|S(S|SIS|S EI813

Iqu—lI

Yellow
Detail # 2

Figure 5: Pennsylvania Patterns for Centerline Rumble Strips
(Source: Russell and Rys 2005)

The state of Minnesota has drafted similar guidelines regarding the installation of
centerline rumble strips regarding lane width compared to Pennsylvania. Both states have
a minimum 10 foot lane width requirement. Centerline rumble strips are recommended
on 11 foot and 12 foot lanes (see Table 4). If the lanes are 10 feet wide, centerline rumble
strips are recommended if lane width can be borrowed from the shoulder. Centerline

rumble strip installation on any lane smaller than 10 feet wide is not recommended.
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Another consideration mentioned by the Minnesota draft is the number of lanes. Each

potential case for centerline rumble strips is based on two-lane and four-lane highways.

Table 4: Minnesota Highway Geometric Considerations for CLRS

Roadway Description CLRS Installation
Recommended?
YES

2-lane or 4-lane undivided
with 12' or 11' lanes, with or
without paved shoulders
2-lane or 4-lane undivided

YES - if min. 10" driving lane

with 10’ or less lanes, with or can be maintained by
without paved shoulders "borrowing" width from the
shoulder, otherwise NO

2-lane or 4-lane undivided NO
with 10' or less lanes, without

paved shoulders

(Source: Russell and Rys 2005)

Missouri recommends centerline rumble strips based on the roadway cross section.
Centerline rumble strips are recommended on widths greater than 24 feet. Design
exceptions are made for roadway widths between 20 feet and 24 feet (Russell and Rys
2005). The lone installation in Delaware is composed of 12 foot lanes with 10 foot
shoulders (Delaware 2002). The states of California and Oregon make no
recommendations based on the lane width, cross section width or shoulder sizes (Russell
and Rys 2005). One approach that Oregon does consider is based upon the available
paved median. If a paved median greater than four feet is available, two rows of rumble
strips are installed. Likewise, if less than four feet is available, one row is installed. If
there is no paved median or only a centerline, another layout is used (Russell and Rys
2005).

The state of the practice survey compiled the following data (see Table 5). Appendix
D provides a complete summary of the UDOT/BYU state of the practice survey results
on highway geometry. The table may appear to be misleading because four of the six

highway dimensions mention minimum dimensions (the last four rows of the table) while
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the second column is a maximum statistic. The entries show the maximum values for the

minimum dimension requirements.

Table 5: UDOT/BYU State of the Practice Survey Highway Geometry Statistics

Highway Dimension Maximum Minimum  Mode Average
Flush Median Width (in) 72 8 48 37.6
Number of Rows of CLRS 2 1 1 1.158
Minimum Lane width (ft) 12 10 12 11.163
Minimum Cross Section Width (ft) 30 20 N/A 24.6
Minimum Shoulder Width (ft) 6 0 3 3.14
Minimum Shoulder Rumble Strip Offset (in) 12 0 N/A 4.6

Not mentioned in the state of the practice survey is a minimum pavement thickness.
Pennsylvania and Minnesota use a minimum layer thickness of 2.5 inches. Missouri

recommends a 3.75 inch minimum layer thickness (Russell and Rys 2005).

3.5. Highway Operations
Various operational requirements have been set among the states. Design
considerations when installing the centerline rumble strips include minimum speed,

highway volume, passing zones, and signs.

3.5.1.  Speed Requirements

Some departments have established minimum design speeds to permit centerline
rumble strips. According to the state of the practice survey and the NCHRP Synthesis
339, the minimum speed limits for centerline rumble strip installations range from 50
mph to 55 mph (Russell and Rys 2005). Evidence supporting these minimum speed limit
decisions was not found in the literature.

One report tested vehicle mean speeds when centerline rumble strips were and were
not present. It stated that the centerline rumble strip effects “on mean speed and on speed
variance were mixed and made it difficult to draw meaningful and accurate conclusions”
(Donnell, Mahoney and Porter 2003). Another report stated, “The average speeds on the

section with the rumble strips are almost equal on the section without rumble strips”
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(Hirasawa, Asano, and Saito 2004). This report analyzed multiple speeds and multiple

rumble strip depths but did not recommend a minimum speed limit.

3.5.2.  Lane Width Requirements

Lane width requirements may be specified in the guidelines of a state concerning
centerline rumble strip installations. Reasoning behind minimum lane width requirements
were not directly supported by any literature. Some considerations for minimum lane
widths may include vehicle tracking on corners, vehicle widths, shoulder width and right-
of-way acquisition.

A report on lateral vehicle displacement measured the effect of centerline rumble
strips in combination with lane widths. Centerline rumble strips causes vehicles to
laterally displace towards the shoulder. The research recorded significant lateral
displacements of vehicles between similar road sections where centerline rumble strips
were present and where they were not present. In a study using two lane widths, the wider
lane (12 ft.) had an average displacement of .46 feet farther from the centerline with
centerline rumble strips than without. On the narrower lane (11 ft.) the displacement was
0.25 feet farther from the centerline with centerline rumble strips than without (Donnell,
Mahoney and Porter 2003). The trend in the lateral vehicle placement when centerline
rumble strips are present may imply that at a given lane width, vehicles will displace
towards the centerline due to a lack of shoulder space. This may have an effect on
specifying a minimum lane width.

Closely related to a minimum lane width is a minimum cross-section width. This
considers the presence of shoulders and multiple lanes. Once again, there are some states
that have specified minimum cross-sectional widths for centerline rumble strip
installations. No evidence of minimum cross-section width and centerline rumble strip

correlations was discovered in the literature.

3.5.3.  Centerline Rumble Strip Road Signs

Three questions of the public opinion survey specifically addressed the effects of
centerline rumble strip road signs. These road signs are located where the centerline
rumble strip installation begins. Accompanying the yellow diamond warning sign is a

rectangular sign indicating the mileage of the installation (see Figure 6).

19



Figure 6: Centerline Rumble Strip Sign
(Photo by Sam Richards 2004)

Question 5 in the public opinion survey asked drivers if they have seen the centerline
rumble strip road sign. The public opinion survey revealed that approximately two-thirds

of the drivers surveyed had seen the centerline rumble strip road sign (see Table 6).

Table 6: Frequency Results of Question 5 of the Public Opinion Survey

Driver Saw the Survey Percent Cumulative
Sign Response Response Percent
Yes 346 68% 68%

No 165 32% 100%
Missing 22

Providing a cross-examination of the survey results, Chi-square analysis of whether
the road sign had been seen had statistically significant results when compared with other
questions in the survey. Some inferences that were significant at a 95 percent confidence

(p = 0.05) include that younger drivers are less likely to notice the road signs, and drivers
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of compact cars had greater difficulty seeing the signs while heavy truck drivers found
the signs highly visible.

Question 5 had a clause in it that prompted the survey participants skip or answer
question 5.1. Drivers that had not seen the road-sign were prompted to skip this question.
Therefore, this question was addressed specifically to those who have seen the signs.
Based on the frequency results of this question, the drivers that saw the signs had an
increased awareness of the presence of centerline rumble strips (see Table 7). If such is
the case, the signs are beneficial in reducing potential adverse effects caused by

confusing centerline rumble strips and shoulder rumble strips.

Table 7: Frequency Results of Question 5.1 of the Public Opinion Survey

CLRS Signs are Survey Percent Cumulative
Effective Response Response Percent
Strongly Agree 40 15% 15%
Agree 140 53% 68%

No Opinion 49 19% 87%
Disagree 31 12% 98%
Strongly Disagree 4 2% 100%
Missing 82

Two Chi-square tables analyzing demographic differences showed significant
probabilities. It appears that female drivers feel that the road signs are less effective than
male drivers. Some of the high contribution cells in the cell Chi-square show that fewer
young drivers than expected responded after seeing the signs to look for the centerline
rumble strips. The middle two groups are neutral in their opinions of the signs. The “Over
50” group, which appeared to be the most attentive to the signs, felt the strongest about
the ineffectiveness of the signs.

Question 5.2 is a continuation of the previous two questions. There are two paths to
gain awareness of centerline rumble strips on a highway. First, a driver sees the road sign,
the sign effectively warns the driver of the centerline rumble strips and the driver looks

for the centerline rumble strips. Second, a driver does not see the sign but recognizes and
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observes the presence of centerline rumble strips. Most of the drivers believe that
centerline rumble strips are easily visible (see Table 8).

Table 8: Frequency Results of Question 5.2 of the Public Opinion Survey

CLRS are Survey Percent Cumulative
Visible Response Response Percent
Yes 360 82.4% 82.4%
No 77 17.6% 100.0%
Missing 96

The positive response to this question could mean two things. First, road signs
increase the awareness of drivers toward centerline rumble strips or, second, centerline
rumble strips are visible enough by themselves that signs are not necessary. These two
conclusions are counteractive. In consideration of this possibility, the safer choice is to
install centerline rumble strip road-signs. However, other considerations could be

included to determine the necessity of the signs.
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4. ASPECTS AND ISSUES OF CENTERLINE RUMBLE STRIPS

Centerline rumble strips are a relatively new technology. Associated with a new
technology are various benefits and concerns. The major advantages of centerline rumble
strips include improving highway safety by reducing cross over crashes, low installation
costs with high cost effectiveness, versatile installation conditions, public approval or
acceptance of the technology, a positive reaction to centerline rumble strip contact while
driving and improved driving confidence. The disadvantages are noise, premature

pavement deterioration, lack of statistical evidence and vehicle operation concerns.

4.1. Improved Highway Safety

If centerline rumble strips improve highway safety, then the technology becomes
advantageous to the traffic engineer. Major causes of crossover crashes are fatigue,
drowsiness and inattention. These causes limit the visual accuracy of a driver. Centerline
rumble strip technology is designed to appeal to alternative senses of the driver when
sight is impaired. When a driver realizes that his vehicle is veering out of its lane, the
driver can react and correct the vehicle. This is the process of how centerline rumble

strips may reduce crossover crashes.

4.1.1. Reduction in Cross-Over Crashes

The existing literature on centerline rumble strips shows an encouraging yet unproven
highway safety technology. State departments across the country are excited about the
potential of centerline rumble strips to reduce crossover crashes. For example, the state of
Idaho conducted a three year study from 1997 through 1999. They observed 213 vehicle
crashes on a given segment of highway. Mark Strait, of Idaho’s Office of Highway Safety
said, “Centerline rumble strips might have prevented 14 percent of the 213 crashes had
they been in place.” The study also showed that 21 percent of the 62 multiple-vehicle
crashes were “sideswipes” involving vehicles traveling in the opposite directions; contact
usually resulted when one of the vehicles crossed the centerline (Idaho Transporter
2004).

There have been a few states that have used centerline rumble strips long enough that
before and after studies have been conducted. Of the literature that has been researched,
all the reports have shared positive information on the success of centerline rumble strips

to reduce cross-over crashes. By success, it means a reduction in sideswipe collisions and
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head-on collisions when compared to the trends and patterns of the before portion of the

study.
The state of Colorado had reported data of before centerline rumble strip and after

centerline rumble strip periods of 44 months each on a certain stretch of State Highway

119 (see Table 9).

Table 9: Colorado Crash Data

7/1/92 - 3/1/96
(44 months) [ 7/1/96 - 3/1/2000
Before (44 months) After| Percent
Construction Construction Change
Head-on crashes 18 14
Head-on crashes per million vehicles 291 1.92 -34.1%
Sideswipe opposite direction 24 18
sideswipe crashes per million vehicles 3.88 2.46 -36.5%
Average ADT 4628 5463 18.0%

(Source: Outcalt 2001)

From the Colorado report, centerline rumble strips have reduced head-on crashes by
34.1 percent and sideswipe crashes by 36.5 percent while AADT increased by 18 percent
by the year 2000 (Outcalt 2001).

Delaware was recognized for a before and after study about the installation of
centerline rumble strips on a particularly busy undivided highway. The periods of study

were longer and even more impressive results were obtained (see Table 10).
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Table 10: DelDOT Before - After Crash Summary Data

Average number of Accidents per Year
Before Period | After Period

8/91 - 7/94 12/94 - 11/02 Percent
Crash Type (3 years) (8 years) Change
Head-on 2/year 0.1/year -95%
Drove Left of Center 2/year 0.8/year -60%
Property Damage 6.3/year 7.1lyear 13%
Injury 4.7/year 4.9/year 4%
Fatal 2/year Ofyear N/A
Total 13/year 12/year -8%
Average Daily Traffic 16500 (1994) | 22472 (2002) | +4% yearly

(Source: Delaware, 2002)

It is not a surprise that the Delaware Department of Transportation was recognized
for the success of centerline rumble strips when the number of reported head-on
collisions dropped by 95 percent, drove-left-of-centerline crashes dropped by 60 percent,
and there were zero fatalities in the eight years since centerline rumble strips were in
stalled in 1994. There is an interesting observation in that property damage crashes and
injury crashes increased over the same period.

Pennsylvania had similar results to Delaware in terms of fatality reduction. After
installing centerline rumble strips on U.S. highway 322 in 1993, there were no fatalities
for the following six years. There were other operational improvements included in the
upgrade that effected safety (NCHRP Objective 18).

The United States is not the only place to have success with centerline rumble strips.
In a recently released report from a Japanese study (Hirasawa, Asano, and Saito 2004), it
was noted that, “since installation, 16 months have elapsed, during which time no head-
on collisions have occurred.”

Supporting the statistical observations, the public opinion survey inquired to know if
the public believes that centerline rumble strips improve highway safety. Question 9 asks
if centerline rumble strips significantly reduce head-on collisions. The results show that
drivers generally believe that centerline rumble strips do reduce head-on collisions (see
Table 11).
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Table 11: Frequency Results of Question 9 of the Public Opinion Survey

CLRS Reduce Survey Percent Cumulative
Collisions Response  Response  Percent
Yes 93 17% 17%
Probably So 224 42% 60%

No Opinion 171 32% 92%
Probably Not 28 5% 97%

No 16 3% 100%
Missing 1

4.1.2.  Statistically Inadequate After Data

In spite of the promotional reports in favor of centerline rumble strips, one report
suggests that the statistical analysis employed by these state departments is not accurate.
The AASHTO/NCHREP Strategic Highway Safety Plan website (NCHRP Objective 18)
quotes the Persaud, Retting, and Lyon report stating, “Due to the “regression to the
mean” bias, the estimates of effectiveness are probably inflated to some degree. Thus,
there remains a need for well-designed before/after studies that can produce more
accurate results of effectiveness.”

To correct the inflated results, Persaud, Retting, and Lyon conducted an empirical
Bayes theorem analysis to the results obtained by seven departments that had conducted
simple before and after studies of centerline rumble strips. The results of this analysis can

be found in Table 12 and Table 13.
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Table 12: Summary of Treatment Site Data Used in the Analysis

Before Period After Period

Mile  Average| Crash Count Mile  Average| Crash Count
State Miles Sites| Years AADT | Total Injury | Years AADT | Total Injury
California 478 29 | 2065 9235 679 257 1125 10430 | 351 144
Colorado 169 10 | 1184 5000 551 262 84.6 6154 415 187
Delaware 2.9 1 8.4 16500 34 16 21.3 21685 82 38
Maryland 304 11 | 914 11680 | 156 55 425 12991 55 14
Minnesota 66.2 24 | 508.6 9305 751 156 158.6 10315 | 275 41
Oregon 3.1 2 22.8 11400 31 20 4.6 11150 6 3
Washington 435 21 | 1665 7290 308 116 173.3 7963 297 109
Total 210.8 98.0| 1122.6 8829 |[2510.0 882 597.3 9668 | 1481 536

(Source: Persaud, Retting, and Lyon 2003)

Table 13: Composite Results

Empirical Bayes
Estimate of Crashes

Direction

(10.5)

Crashes |EXpected After without
Recorded in | Centerline Rumble Percent Reduction (95%
After Period | Strips (Standard Error)| - confidence Interval)
Miles Sites Crash Type All Injury All Injury All Injury
210.8 98 All 1481 532 1724.0 629.1 [ 14% (8-20%) 15% (5-25%)
(39.5) (22.7)
Frontal/Opposing- | 147 81 186.5 106.7 (7.7)[ 21% (5-37%) 25% (5-45%)

(Source: Persaud, Retting, and Lyon 2003)

The statistical results of the studies by regression to the mean methods show more

generous effects caused by the implementation of centerline rumble strips. Therefore, the

empirical Bayes estimates are conservative calculations of the efficiency of centerline

rumble strips. As exciting as it might be to report large reductions in cross-over

collisions, it is ultimately safer to underestimate the safety enhancements that centerline

rumble strips have on rural two-lane undivided highways. However, the effectiveness of

centerline rumble strips is not diminished. After centerline rumble strips were installed,

all crash types experienced a significant reduction in occurrences according to the

empirical Bayes model. But what is more impressive is that frontal and opposing

direction sideswipe crashes were reduced by a greater percentage than the total crash rate
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reduction. This is evidence that centerline rumble strips have reduced the frequency of
cross-over collisions.

The UDOT/BYU state of the practice was designed to include various data types that
could be cross examined. However, the amount of data received provided insufficient
evidence to create any correlations between centerline rumble strip geometry, cost, and

safety.

4.1.3.  Improved Safety in Low Visibility Driving Conditions

Driving in low visibility conditions is not desirable. Unfortunately, various entities
require the transporting of goods or services regardless of the road conditions. The survey
participants were asked if they were driving in poor road visibility conditions, would the
presence of centerline rumble strips help them stay in their lanes. The response was
strongly in favor of centerline rumble strips to help drivers stay in their lanes when

visibility is limited (see Table 14).

Table 14: Frequency Results of Question 10 of the Public Opinion Survey

CLRS Aid

Driving in Low Survey Percent Cumulative
Visibility Response  Response Percent
Strongly Agree 241 45% 45%
Agree 199 37% 83%

No Opinion 65 12% 95%
Disagree 16 3% 98%
Srongly Disagree 10 2% 100%
Missing 2

An overwhelming response to use centerline rumble strips as an aid in poor visibility
conditions was voiced by large truck drivers. Only one heavy truck driver admitted to not
using centerline rumble strips as a form of lane delineation in poor visibility conditions.

Typically, the effectiveness of pavement markings decreases in the rain and at night.
Painting the pavement markings directly over the rumble strips may improve marking
visibility in these conditions. A report analyzing the effects of creating a profiled
pavement marking system by painting the markings over milled rumble strips had

significant results. “Retroreflectivity measurements for dry and wet-night conditions are
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significantly higher for milled rumble strip edge line markings as compared to standard
edge line markings” (Filcek et al. 2004) (see Figure 8). The improvement in the reflective
visibility from installing the pavement markings over the milled rumble strips is another

way that the safety of driving in poor visibility conditions may be improved.

Figure 7: Dry-night Retroreflectivity of Pavement Markings on Rumble Strips
(Source: Filcek et al. 2004)

Figure 8: Wet-night Retroreflectivity of Pavement Markings on Rumble Strips
(Source: Filcek et al. 2004)

The public opinion survey attempted to duplicate the results of the profiled pavement
marking report (Filcek et al. 2004) by driver observations of pavement markings over the
centerline rumble strips. The survey question asked drivers whether the double yellow
lines were more visible when painted over the rumble strips than on flat pavement. The
descriptive statistics of this question were not conclusive as most participants responded
with no opinion. However, a greater percentage of surveys agree that pavement markings

are more visible over centerline rumble strips than disagree (see Table 15).
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Table 15: Frequency Results of Question 13 of the Public Opinion Survey

Markings Over CLRS Survey Percent Cumulative
Improve Lane Markings| Response Response Percent
Strongly Agree 36 7% 7%
Agree 161 30% 37%

No Opinion 254 48% 85%
Disagree 66 12% 98%
Strongly Disagree 13 2% 100%
Missing 3

4.2. Cost Effective Technology

In direct correlation to safety, cost is a significant influencing factor effecting the
installation of centerline rumble strips. Overhead costs of centerline rumble strips include
the cost of installation and maintenance. Cost effectiveness may be derived from incurred
costs and assumed costs of damage, injuries or fatalities. Multiple concepts of

maximizing the cost effectiveness of centerline rumble strip installations exist.

4.2.1.  Low Installation Costs

One of the strongest arguments for centerline rumble strips is the cost of installation.
Many State departments of transportation, if not all of them, are subject to similar
circumstances when faced with the responsibility of improving highway safety. ODOT
District Manager, Don Jordan said, “Usually, that means installing a metal guard rail, a
concrete barrier, or even building a divided highway. Unfortunately, all those
improvements cost money that ODOT just doesn’t have” (Davis 2002).

Various pieces of literature have reported costs of centerline rumble strips. In a recent
study, reported installation costs ranged from a low of $0.05 per linear foot to a high of
$1.50 per linear foot (Turochy 2004). The report did not specify if these costs included
incidentals to centerline rumble strips such as debris clean-up, labor wages, or worksite
traffic control. The low price occurred for a bid project of 1600 linear miles of rumble
strip installation for $280 per linear mile (Turochy 2004).

The same report indicated that 26 percent of states reported values less than or equal
to $0.10 per linear foot. The Delaware department of Transportation published brochures
in 2001 explaining the success and benefits of centerline rumble strips. The handout

includes a phrase saying, “Technological advances have reduced the cost of installing
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centerline rumble strip to about $0.20 to $0.60 a linear foot depending on the length of
installation (Delaware 2001). These costs are significantly lower than the $6.18 per linear
meter ($1.88 per linear foot) the New York State Department of Transportation
reportedly paid in 1990 for a shoulder rumble strip installation (Perrilo 1998).

The state of the practice survey shows an average cost of installation ranging from
$0.15 per linear foot to $2.00 per linear foot. The departments were asked to specify the
cost of installation only. If this is accurate, then the cost of installation varies significantly
between states. However, these prices may report additional costs such as resurfacing,
road closure and traffic maintenance or other potential costs incurred with centerline
rumble strip installations.

Additional benefits with respect to the cost of certain improvements, the
AASHTO/NCHRP website further comments on the relatively low cost of centerline
rumble strips, stating “This low cost strategy does not involve reconstruction and would
not involve the environmental process or right-of-way acquisition... Incorporation of
centerline rumble strips as part of an agency’s design practice for new construction or

resurfacing can occur quickly (within 1 year)” (NCHRP Obiject